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METHOD FOR BRIGHTENING VIRGIN MECHANICAL PULP 
This invention relates generally to a method for brightening virgin 
mechanical wood pulp. 

Hydrosulfite generated from bisulfite and borohydride has been used to 
5 bleach mechanical wood pulp, as described in HydrosulGte (Dithionite) 

Bleaching, Pulp Bleaching (Chapter V2), C.W. Dence & D.W. Reeve, eds., Tappi 
Press (1996). However, this reference describes the reaction of bisulfite and 
borohydride only in terms of the theoretical stoichiometry in which 8 moles of 
unconsumed bisulfite are required per mole of borohydride, and does not suggest 
10 that effective bleaching can be accomplished at a lower ratio. 

The problem addressed by this invention is to find a more efficient process 
for reductive bleaching of mechanical wood pulp. 

STATEMENT OF THE INVENTION 

15 This invention is directed to a method for brightening virgin mechanical 

pulp. The method comprises combining- (i) an aqueous solution comprising 
sodium borohydride and sodium hydroxide; and (ii) an aqueous solution 
comprising sodium bisulfite, in a chemical mixer and adding output of the 
chemical mixer to an aqueous slurry of virgin mechanical pulp. The ratio of 

20 (moles bisulfite — moles hydroxide)/moles borohydride is from 0 to 7.8. 

In another embodiment of the invention, at least one chelant is added to 
the pulp slurry. 

DETAILED DESCRIPTION OF THE INVENTION 

25 All percentages are expressed as weight percentages based on the entire 

composition, unless specified otherwise. The term "virgin mechanical pulp" 
refers to mechanical wood pulp that has not been subjected previously to 
reductive or oxidative bleaching. A "chelant" is a substance capable of forming 
more than one coordinate bond with a metal ion in aqueous solution, especially 

30 with transition metal ions, including, e.g., iron, manganese, copper and 

chromium. The term "pre-mix" refers to a pulp brightening process in which 
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borohydride and bisulfite are mixed prior to addition to the pulp. The term "E- 
pre-mix" refers to a pre-mix process in which at least one chelant is added. 

Dithionite ion, also referred to as hydrosulfite, can be produced by the 
reaction between bisulfite and borohydride ions, according to the following 
5 theoretical equation ^ 

BH4' + 8 HSO3" + 4 8204'^ + B(OH)3 + 5H2O 

The yield is somewhat less than 100% due to competing reactions, including that 
of borohydride with water, but is most often better than 85%. Since the exact 

10 mechanism of the reaction has not been fully characterized, this invention is not 
limited to reduction by dithionite ion, and other species present in the reaction 
mixture also may act as reducing agents. When the amount of bisulfite is below 
8 moles per mole of borohydride, the theoretical reaction cannot proceed to 
completion. Without wishing to be bound by theory, it is believed that use of less 

15 than the theoretical amount of bisulfite results in a mixture containing 
hydrosulfite, borohydride, and possibly other species. 

In a preferred embodiment of the invention, borohydride is added in the 
form of an aqueous solution containing sodium borohydride and sodium 
hydroxide. In this embodiment, some of the bisulfite is consumed in a 

20 neutralization reaction with the hydroxide ion. In some applications, hydroxide 
ion present in borohydride solutions is neutralized by acid added to the bisulfite 
solution. In such a case, to the extent that the hydroxide initially present in the 
borohydride solution has been neutralized, it wiU not consume bisulfite, and will 
not be included in the ratio calculation. As described above, the theoretical 

25 reaction of borohydride and bisulfite requires 8 moles of unconsumed bisulfite 
per mole of borohydride, i.e., the ratio (moles bisulfite — moles hydroxideVmoles 
borohydride is at least 8. The present invention uses a ratio from 0 to 7.8. 
Preferably, the ratio is no more than 7.5, more preferably no more than 7, and 
most preferably no more than 6.8. Preferably, the ratio is at least 4, more 

30 preferably at least 5, more preferably at least 6, and most preferably at least 6.5. 
Use of any ratio lower than the theoretical value of 8 produces cost savings fi-om 
decreased usage of bisulfite, relative to the conventional stoichiometric process. 
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The data provided below in the Examples demonstrates, unexpectedly, that these 
cost savings can be achieved without substantially sacrificing performance. 

In one embodiment of the invention, bisulfite is generated by combining 
water and sodium metabisulfite, Na2S205. The aqueous sodium bisulfite 
5 preferably is about 20% to about 45% active by weight. A preferred borohydride 
composition for use in accordance with the methods of the invention is in liquid 
form and comprises about 1% to about 36% active sodium borohydride and about 
30 to about 40% NaOH or Na2C03 (also known as soda ash), all by weight. A 
particularly preferred borohydride composition comprising 12% active sodium 
10 borohydride and 40% NaOH is commercially available from Rohm and Haas 
Company under the trademark Borol™ solution. (For example, lOOg of Borol™ 
solution contains 12 g sodium borohydride, 40 g NaOH, and 48 g H2O). When 
the sodium borohydride solution contains sodium hydroxide, e.g., Borol™ 
solution, the theoretical equation for reaction with bisulfite is as follows 

15 

[NaBH4 + 3.2 NaOH] + 11.2 NaHSOa 4 Na2S204 + (NaB02 + 3.2 Na2S03 

+ 9.2H2O) 

In this case, where there are 3.2 moles of hydroxide per mole of borohydride, and 
the hydroxide has not been neutralized with a mineral acid, the ratio of bisulfite 
20 unconsumed by hydroxide to borohydride is (11.2 - 3.2)/l=8.0, i.e., the theoretical 
ratio. 

The borohydride solution and the bisulfite solution are mixed in a 
chemical mixer. Preferably, the mixer is an in-line static mixer. Typical in-line 
static mixers have from 2 to 24 internal elements, preferably from 2 to 6 internal 

25 elements. The length of the piping fi:om the mixer to the point of addition to the 
pulp slurry also may affect the mixing; preferably this length is at least 1 m, 
more preferably at least 1.5 m. The number of elements, the diameter of the 
mixer and the length of piping required to achieve good mixing, i.e., to produce a 
substantially homogeneous mixture, can be determined easily from the flow 

30 parameters and fluid properties of each particular system. For example, in one 
method dye is added to one of the solutions and good mixing is assessed by 
visible determination that the color of the output is uniform. In another method, 
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the pH of the pulp slurry after addition of the mixed borohydride and bisulfite 
solutions is measured; a stable pH value is an indication of good mixing, as are 
consistent bleaching results. Preferably, if mixing is insufficient, the 
borohydride and bisulfite solutions are diluted. Preferably, the borohydride and 
5 bisulfite solutions are mixed at a temperature in the range from 4°C to 50°C, 
more preferably from 10°C to 35°C. 

Preferably, the mixed borohydride and bisulfite solutions are added to the 
pulp slurry directly, or by storing the output in a vessel for later addition to the 
pulp slurry. In one preferred embodiment, the output of the mixer is stored in a 

10 vessel and added to the pulp slurry within 12 hours of mixing, more preferably 
within 6 hours, more preferably within 3 hours, more preferably within 1 hour, 
and most preferably within 1/2 hour of mixing. In another preferred 
embodiment, the mixer output is added directly through piping which carries the 
output to the pulp slurry in less than 15 minutes, more preferably less than 10 

15 minutes, and most preferably less than 5 minutes. Preferably, the amount of 
borohydride added to the pulp slurry, measured as the percentage of sodium 
borohydride relative to the dried fiber content of the pulp, is at least 0.015%, 
more preferably at least 0.03%, and most preferably at least 0.054%. Preferably, 
the amount of borohydride added to the pulp slurry, measured as the percentage 

20 of sodium borohydride relative to the dried fiber content of the pulp, is no more 
than 0.12%, more preferably no more than 0.09%, and most preferably no more 
than 0.066%. In a preferred embodiment of the invention, a 12% aqueous 
sodium borohydride solution is used, e.g., Borol™ solution. In this embodiment, 
the weight of the solution used, measured as a percentage of the dried fiber 

25 content of the pulp, is at least 0.125%, more preferably at least 0.25%, and most 
preferably at least 0.45%. Preferably, the weight of solution used, measured as a 
percentage of the dried fiber content of the pulp, is no more than 1%, more 
preferably no more than 0.75%, and most preferably no more than 0.55%. 

Preferably, the mixed borohydride and bisulfite solutions that are the 

30 output of the mixer are added to the pulp slurry after the slurry has been 

screened and thickened and is ready for paper-making, i.e., after the deckers in a 
tj^ical pulp mill. In one preferred embodiment of the invention, the mixed 
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solutions are added to the MC stand pipe in which pulp slurry accumulates prior 
to being pumped to the up-flow tower or the chest. In another preferred 
embodiment, the mixed solutions are added to wood chips or fibers in the de* 
fibering stage, for example in the refiners or grinders. 
5 In one preferred embodiment of the invention, at least one chelant is 

added to the pulp slurry along with the mixed borohydride and bisulfite 
solutions. The chelant may be added either to the output from the mixer, or to 
either of the input streams to the mixer. Suitable chelants include, e.g., DTPA, 
STPP, EDTA, and phosphorus-containing chelants, e.g., phosphonate- and 

10 phosphonic-acid chelants. The amount of chelant added to the pulp slurry, 
measured on an "as is" basis, i.e., as the percentage of solid chelant or 
commercial chelant solution relative to the dried fiber content of the pulp, is from 
0.05% to 0.4%, more preferably from 0.1% to 0.3%, and most preferably from 
0.17% to 0.23%. Typically, STPP is available commercially as a solid, and EDTA 

15 and DTPA as their aqueous solutions. Commercial EDTA solution typically is 
38% EDTA. 

EXAMPLES 

Example 1 - Laboratory Studies. 

20 Pressurized ground wood (PGW) pulp samples from a North American mill were 
used for the study. Pre-mix, E pre-mix and Borol™- generated hydrosulfite 
(BGH) bleaching studies were conducted on this pulp. BGH was produced at a 
molar ratio, (bisulfite — hydroxide)/borohydride, of 8. Pre-mix was performed at 
molar ratios of 6.8 and 8.8, and E pre-mix at a molar ratio of 6.8. The studies 

25 were performed at 3.5% consistency, 160*^ and a retention time of 60 minutes. 
The initial pulp brightness was 59.2% ISO. Table I shows the result of a 
comparison between the BGH and pre-mix processes. The bleaching responses of 
the BGH and pre-mix processes were similar. 
BGH bleaching: 

30 Based on consistency, 7g O.D. pulp (pulp weighed on an oven-dried basis) was 
placed in heavy gauge polyethylene bags. The bags were sealed under nitrogen, 
shaken vigorously to disperse the pulp fiber, and preheated in a constant 
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temperature bath at 160°F for 10 minutes. Sodium hydrosulfite solution was 
generated from Borol™ solution/NaHS03/H2S04. The solution was analyzed for 
sodium hydrosulfite by titration with a standard iodine solution (TAPPI 
standard T-622). Based on the analysis, the required volume of bleach solution 
5 was calculated, and is reported as % hydrosulfite on a dry pulp basis. Bleach 
response was determined by adding the bleach under nitrogen and keeping the 
pipette below the surface of the pulp. Each bag was resealed, shaken thoroughly 
to mix, and returned to the constant temperature bath for 60 minutes. At the 
end of the bleaching period each bag was removed from the bath and the pH was 

10 taken. The pulp was then diluted to 1% using deionized water prior to filtration. 
One handsheet was made firom each run and air dried overnight at 50% relative 
humidity. Brightness readings were done using a Technibrite™ ERIC 950 and 
are the average of five readings from each 7g O.D. handsheet. 
Pre-mix bleaching process^ 

15 Based on consistency, 7g O.D. pulp was placed in heavy gauge polyethylene bags. 
The bags were sealed under nitrogen, shaken vigorously to disperse the pulp 
fiber, and preheated in a constant temperature bath at 160**F for 10 minutes. 
Pre-mix solutions were generated from Borol™ solution and NaHSOa (SBS). In 
the method of generating the pre-mix solution, sodium bisulfite powder was 

20 added to water in a round bottom flask and stirred until the sodium bisulfite 

powder had completely dissolved. Borol™ solution was then immediately added 
under an inert atmosphere and under very rapid stirring in order to generate a 
completely formed pre-mix solution. Based on the borohydride concentration of 
each solution, the required volume of pre-mix solutions were calculated. A 

25 bleach response was carried out by adding the pre-mix solution under nitrogen 
and keeping the pipette below the surface of the pulp. Each bag was resealed, 
shaken thoroughly to mix, and returned to the constant temperature bath for 60 
minutes. At the end of the bleaching period each bag was removed from the bath 
and the pH was taken. The pulp was then diluted to 1% using deionized water. 

30 One handsheet was made from each run and air dried overnight at 50% relative 
humidity. Brightness readings were done using a Technibrite™ ERIC 950 and 
are the average of five readings from each 7g O.D. handsheet. 
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E pre-mix bleaching process- 

This was identical to pre-mix process except that the required amount of EDTA 
was added to sodium bisulfite solution in generating the pre mix solution. 

5 

Table I. Laboratory bleaching response of BGH and pre-mix process. 



Chemical Dosage 


Bleaching 
Process 


Initial 
pH 


Final 
pH 


Bright. 
(% ISO) 


0.25% 




BGH 


5.2 


5.2 


62.4 




0.125% BoroFM solution, 
0.415% SBS 


Pre-mix 
6.8:1 


5.2 


5.7 


62.4 




0.125% Borol™ solution, 
0.495% SBS 


Pre-mix 
8.8:1 


5.2 


5.5 


62.6 


0.50% 




BGH 


5.2 


5.3 


64.6 




0.250% Borol™ solution, 

0.825% SBS 


Pre-mix 

6.8:1 


5.2 


6.0 


64.4 




0.250% Borol™ solution, 
0.990% SBS 


Pre-mix 
8.8:1 


5.2 


5.9 


64.8 


0.75% 




BGH 


5.2 


5.4 


65.2 




0.375% Borol™ solution, 
1.240% SBS 


Pre-mix 

6.8:1 


5.2 


6.2 


65.1 




0.375% Borol™ solution, 
1.485% SBS 


Pre-mix 
8.8:1 


5.2 


6.2 


65.3 



The effect of adding EDTA to the pre-mix solution was studied (E pre mix 
10 process). EDTA maximizes the bleaching efficiency. Table II shows the 

comparison of E pre-mix and pre-mix processes. EDTA solution dosage was 40% 
on the Borol'^ solution dosage in the E pre-mix process. 

Table II. Laboratory bleaching comparison of pre-mix and E pre-mix process 

15 



Chemical Dosage 


Bleaching 
Process 


Initial 
pH 


Final 
pH 

i 


Bright. 
(% ISO) 


0.375% Borol™ solution, 
1.240% SBS 


Pre-mix 6.8:1 


4.9 


5.9 


64.4 


0.375% Borol™ solution, 
1.240% SBS 


E Pre-mix 6.8:1 


4.9 


5.8 


65.2 
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Example 2 : Mill Trial 
BGH bleaching: 

The Borol™ bleaching unit generated 3% hydrosulfite solution. Sodium 
5 bisulfite was mixed with water, immediately followed by the addition of sulfuric 
acid. The diluted mixture was passed through a Teflon-coated static mixer. 
Sulfuric acid flow was controlled by the reaction pH. The reaction pH set point 
was at 6.3. Borol™ solution was injected along with the recirculation bleach 
stream to the diluted sodium bisulfite/acid solution mixture and passed through 

10 an in-line static mixer. The product sodium hydrosulfite solution flowed to a 
degas tank where the hydrogen gas generated during BGH generation was 
vented out of the system to atmosphere. The hydrosulfite solution was passed 
through a heat exchanger to maintain the bleach solution temperature at 75®F. 
Finally caustic was added to the hydrosulfite solution prior to storage to adjust 

15 the solution pH to 9.3 for stability purposes. The production rate of the unit was 
controlled by a set point fi:om the bleach storage tank level on the process 
controller. 

Pre -mix bleaching process : 

Based on the Borol™ solution dosage for the bleaching application and the 

20 selected molar ratio during the pre-mix process the sodium bisulfite dosage was 
determined. The molar ratio of (bisulfite -hydroxide)/borohydride varied from 4.8 
to 8.8 during the trial. The required flow of the Borol™ solution and sodium 
bisulfite solution was calculated based on the tonnage of the pulp bleached with 
pre-mix solution. Borol™ solution and sodium bisulfite solution were supplied in 

25- totes and the chemical flows was controlled by a variable speed pump. The flow 
rate was checked using a calibration column setup. Borol™ solution was diluted 
to about 2% of its original concentration and the sodium bisulfite solution was 
diluted to about 5% bisulfite. The diluted Borol™ solution in the main stream 
was blended with diluted sodium bisulfite solution in the side stream in a T-tjrpe 

30 connection. The chemicals flowed through a Kenics™ static mixer (model KME- 
PVC 4, 4 elements, 1 inch (2.54 cm) diameter, and 9 inch (23.5 cm) length) just 
prior to injecting to the pulp slurry in the MC stand pipe after the decker. The 
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distance between the T"type connection, at which the bisulfite solution side 
stream was introduced into the borohydride stream, and the static mixer was 
less than one foot (0.30 m) (estimated). The distance between the static mixer 
and the bleaching injection point was about 6 feet (1.8 m) (estimated). 
5 Base-line data were collected first at 0.75% BGH dosage (percent of 

hydrosulfite based on dry pulp). Immediately following the BGH baseline data 
collection, the pre-mix process was run and the results compared with the base- 
line. The pre-mix process was run at two different molar ratios of (bisulfite- 
hydroxide)/borohydride, first at a 8.8-1 molar ratio, followed by 6.8-1 molar ratio. 
10 The Borol™ solution dosage was 0.375%. Brightness was measured on the 
unbleached sample collected at the decker and the bleached pulp sample 
collected just before the pulp entering the up -flow hydro tower. The retention 
time was about 15 minutes at 165®F. Samples were collected every 30 minutes 
during the trial. 

15 The results comparing the BGH process and the pre-mix process are 

presented in Table III. It was demonstrated that the pre-mix performance is 
similar to BGH and the optimum molar ratio for the pre-mix is 6.8-1. 
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Table III. Mill trial - Comparison of BGH (0.750% ) with the pre-mix 
process (0.375% Borol"™ solution) at 8.8:1 and 6.8:1 molar ratios* 



Process 


Chemical Dosage 


Unbleached 


Bleach d 


Brightness 
Gain 


Brightness 
(% ISO) 


pH 


Brightness 
(% ISO) 


pH 


BGH 


0.750% 


57.9 


5.2 


67.6 


5.9 




BGH 


0.750% 


58.1 


5.2 


68.0 


5.6 




BGH 


0.750% 


57.9 


5.2 


68.2 


5.4 




BGH 


0.750% 


58.2 


5.3 


68.1 


5.3 




BGH 


0.750% 


58.2 


5.3 


68.0 


5.6 








58.1 


5.2 


68.0 


5.6 


9.9 


pre-mix 
8.8:1 


0.375% Borol™ solution, 
1.485% SBS 


58.0 


5.3 


67.5 


6.5 




pre-mix 
8.8:1 


0.375% Borol™ solution, 
1.485% SBS 


58.2 


5.3 


68.0 


6.5 




pre-mix 

8.8:1 


0.375% Borol™ solution, 
1 .485% SBS 


58.2 


5.3 


67.6 


6.5 




pre-mix 
8.8:1 


0.375% Borol™ solution, 
1 .485% SBS 


58.1 


5.3 


67.6 


6.5 




pre-mix 
8.8:1 


0.375% Borol™ solution, 
1.485% SBS 


58.1 


5.3 


67.8 


6.5 








58.1 


5.3 


67.7 


6.5 


9.6 


pre-mix 

6.8:1 


0.375% Borol™ solution, 
1 .238% SBS 


58.3 


5.3 


67.7 


6.7 




pre-mix 
6.8:1 


0.375% Borol™ solution, 
1.238% SBS 


57.8 


5.3 


68.1 


6.7 




pre-mix 
6.8:1 


0.375% Borol™ solution, 
1.238% SBS 


57.2 


5.3 


67.2 


6.5 








57.8 


5.3 


67.7 


6.7 


9.9 



* Molar ratio of (bisulfite — hydroxide)/borohydride 



Table IV shows the comparison of BGH at 0.50% with pre-mix at 0.25% Borol 
solution and 0.825% SBS (6.8:1 molar ratio). 
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Table IV. MiU trial - Comparison of BGH (0.5%) with Pre-mix 

process (0.25% Borol™ solution at 6.8:1 molar ratio) 



Process 


Chemical Dosage 


Unbleached 


Bleached 


oriy niness 
Gain 


Brightness 
(% ISO) 


pH 


Brightness 
(%ISO) 


pH 




0.5% 


58.5 


5.3 


68.2 


6.2 




BGH 


0.5% 


58.4 


5.3 


68.0 


6.1 




BGH 


0.5% 


58.8 


5.4 


68.3 


6.2 




BGH 


0.5% 


58.8 


5.4 


68.2 


6.1 








58.6 


5.4 


68.2 


6.2 


9.6 


pre-mix 6.8:1 


0.25% BoroF"^ solution, 
0.825% SBS 


57.2 




66.9 


6.2 




pre-mix 6.8:1 


0.25% Borol™ solution, 
0.825% SBS 


57.6 


5.4 


67.2 


6.1 




pre-mix 6.8:1 


0.25% Borol™ solution, 
0.825% SBS 


58.4 


5.4 


67.7 


6.4 




pre-mix 6.8:1 


0.25% Borol™ solution, 
0.825% SBS 


58.3 


5.4 


67.7 


6.3 








57.9 


5.4 


67.4 


6.3 


9.5 



The performance of the pre-mix bleaching at the suction of the MC pump was 
studied during an extended trial. Table V shows the results. The data show that 
10 it is possible to run the pre-mix process at a lower molar ratio of (bisulfite- 

hydroxide)/borohydride (4.8-1) and still achieve a substantial brightness gain, 
although better results were obtained when the molar ratio for the pre-mix was 
6.8:1. 



15 
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Table V- Effect of adding the pre-mix solution at the suction of the MC pump 



Process 


Chemical Dosage 


Unbl ac 


iied 


Bleached 


Bright. 
Gain 


Bright. 
(% ISO) 


pH 


Bright. 
(% ISO) 


pH 


BGH 


0.85% 


60.5 


4.9 


68.3 


5.9 






0.85% 


60.2 


4.9 


69.3 


6.0 






0.85% 


60.2 


4.8 


68.5 


5.8 






0.85% 


60.5 


4.9 


68.7 


5.8 






0.85% 


59.9 


4.9 


68 7 










60.3 




68.7 




8.4 
















Pre-mix 
8.8:1 


0.425% Borol™ solution, 

1 .683% SBS 


60.4 


4.9 


68 8 


6 5 






0.425% BororM solution, 
1.683% SBS 


60.7 


4.9 




6 P 






0.425% BorolTM solution, 
1.683% SBS 


60.3 


4.8 


uo.o 


6 1 






0.425% Borol™ solution, 

1 .683% SBS 


60.5 


4.9 


1 


6 P 






0.425% Borol™ solution, 
1 .683% SBS 


60.5 


4.9 












60.5 




\J%3m\J 




8.5 
















Pre-mix 
6.8:1 


0.425% Borol™ solution, 
1 .40% SBS 


60.3 


4.9 


\J\Jm\J 


6 P 






0.425% Borol™ solution, 
1.40% SBS 


60.4 


5.0 


68 7 


6 2 






0.425% Borol™ solution, 
1 .40% SBS 


60.1 


4.9 


68 7 


6 P 






0.425% Borol™ solution, 
1.40% SBS 


60.2 


4.9 


68.6 


6.2 








60.3 




68.7 




8.4 
















Pre-mix 
4.8:1 


0.425% Borol™ solution, 
1.12% SBS 


60.0 


4.9 


67.4 


6.5 






0.425% Borol™ solution, 
1.12% SBS 


60.4 


4.9 


67.7 


6.4 






0.425% Borol™ solution, 
1.12% SBS 


60.5 


4.9 


67.9 


6.4 












68.4 


6.4 








60.3 




67.9 




7.6 



Good mixing of the pre-mix solution with the pulp was achieved, as 
demonstrated by the steady pH reading and uniformity in bleached pulp 
brightness reported in Tables III-V. 



